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A semiconductor device manufacturing method according to a third aspect of the 
invention comprises: sequentially laminating an insulating layer and a first photoresist on a 
semiconductor substrate; patterning the first photoresist to form a mask; forming first 
interconnection grooves by etching the insulating layer with the first photoresist used as a mask; 
ashing and removing the first photoresist by use of a gas containing carbon atoms and at least 
one of oxygen atoms, hydrogen atoms and nitrogen atoms; burying a carbon layer in the first 
interconnection grooves; laminating a second photoresist on the insulating layer to cover the 
carbon layer; patterning the second photoresist to form a mask; forming second interconnection 
grooves by etching the carbon layer with the second photoresist used as a mask such that each of 
4h&-sBi$ond inte-connection grooves has a side surface and a bottom surface in the carbon layer, 
ashing and removing the second photoresist by use of a gas containing carbon atoms and at least 
one of oxygen atoms, hydrogen atoms and nitrogen atoms; depositing a metal interconnection 
layer in the second interconnection grooves to bury interconnections therein; forming a porous 
silicon oxide layer on the interlayer insulating layer to cover the interconnections and the carbon 
layer, and heating the carbon layer to remove the same from the interconnection grooves and 
provide a hollow around each of the interconnections.— 

IN THE CLAIMS : 

Please cancel claims 1-20 without prejudice or disclaimer of their subject matter, and 
add new claims 21 - 40 as follows. 



^2y. A dry etching method, comprising: 
sequentially laminating a first insulating layer containing carbon and a second insulating 
layer containing carbon on a substrate; 



-3- 



PAGE 4/10 * RCVD AT 12/21/2004 2:48:39 PM [Eastern Standard Time] 1 SVR;liSPTO-ff XRF-1/24 1 DNIS:2731473 * CSID:202 408 4400 * DURATION (mm-ss):05-28 



DEC 21 2004 14:53 FR F I NNEGAN HENDERSON 202 408 4400 TO 15712731473ft 



P. 05 



Cont of Application Number 09/739,905 
Filing Date: June 24, 2003 
Attorney Docket Number 04329.2470-01 



HENDERSON 
PARABO W 
GARRETT fit 
DUNNERLL? 

1300 I Street, NW 
Washington, DC 20005 
202.408,4000 
Fax 202.40M4QO 
www.nnne82n.com 



patterning the second insulating layer to form a mask; 

forming grooves in the first insulating layer by etching the first insulating layer with the 
second insulating layer used as a mask such that each of the grooves has a side surface and a 
bottom surface in the first insulating layer; and 

removing the second insulating layer by use of a reactive gas containing carbon atoms 
and at least one of oxygen atoms, hydrogen atoms, and nitrogen atoms. 

22. The dry etching method according to claim 21, wherein the first insulating layer 
containing carbon atoms is one selected from the group consisting of a carbon layer, an organic 
-silicoiLcompound layer, and an organic layer, 

23. The dry etching method according to claim 21, wherein the second insulating layer 
containing carbon is a photoresist 

24. The dry etching method according to claim 21, wherein the second insulating layer 
containing carbon is an organic antireflection layer. 

25. The dry etching method according to claim 21, wherein an atomic percentage of 
carbon is not less than 1/3 of that of oxygen in a gas containing carbon atoms and oxygen atoms 
among the gas containing carbon atoms and at least one of oxygen atoms, hydrogen atoms, and 
nitrogen atoms. 

26. The dry etching method according to claim 25, wherein a gas selected from the group 
consisting of a gas containing oxygen and carbon dioxide, a gas containing oxygen and carbon 
monoxide, a carbon monoxide gas, and a carbon dioxide gas, is used as the gas containing 
oxygen atoms and carbon atoms, 
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27. The dry etching method according to claim 21, wherein said removing the second 
insulating'layer includes setting the substrate temperature to not higher than 150°C. 

28. The dry etching method according to claim 21, wherein said removing the second 
insulating layer includes setting the reaction pressure to not higher than 400 m Toir. 

A semiconductor device manufacturing method, comprising: 
sequentially laminating an insulating layer and a photoresist each containing carbon on a 
semiconductor substrate; 

patterning -the photoresist to foimwnask; - - - - 

forming interconnection grooves in the insulating layer by etching the insulating layer 

\ 

with the photoresist used as a mask, such that each of thfe interconnection grooves has a side 
surface and a bottom surface in the insulating layer; 

ashing and removing the photoresist by use of a gas containing carbon atoms and at least 
one of oxygen atoms, hydrogen atoms, and nitrogen atoms; and 

depositing a metal interconnection layer in the interconnection grooves to fonn 
interconnections therein. 

30, The semiconductor device manufacturing method according to claim 29, wherein the 
insulating layer containing carbon is one of an organic silicon compound layer and an insulating 
layer of low dielectric constant containing carbon atoms. 

31. The semiconductor device manufacturing method according to claim 29, wherein an 
atomic percentage of carbon is not less than 1/3 of that of oxygen in a gas containing carbon 
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atoms and oxygen atoms among the gas containing carbon atoms and at least one of oxygen 
atoms, hydrogen atoms, and nitrogen atoms. 

32. The semiconductor device manufacturing method according to claim 29, wherein a 
gas selected from the group consisting of a gas containing oxygen and carbon dioxide, a gas 
containing oxygen and carbon monoxide, a carbon monoxide gas, and a carbon dioxide gas, is 
used as the gas containing oxygen atoms and carbon atoms, 

33. The semiconductor device manufacturing method according to claim 29, wherein 
..sai d rem oving the second insulating layer includes setting the substrate temperature to not higher 

thanl50°C ' 

i 

34. The semiconductor device manufacturing method according to claim 29, wherein 
said removing the second insulating layer includes setting the reaction pressure to not higher than 
400 m Toir. 

(^35) A semiconductor device manufacturing method, comprising: 
sequentially laminating an insulating layer and a first photoresist on a semiconductor 
substrate; 

patterning the first photoresist to form a mask; 

forming first interconnection grooves by etching the insulating layer with the first 
photoresist used as a mask; 

ashing and removing the first photoresist by use of a gas containing carbon atoms and at 
least one of oxygen atoms, hydrogen atoms, and nitrogen atoms; 

burying a carbon layer in the first interconnection grooves; 

laminating a second photoresist on the insulating layer to cover the carbon layer; 
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patterning the second photoresist to form a mask; 

forming second interconnection grooves by etching the carbon layer with the second 
photoresist used as a mask, such that each of the second interconnection grooves has a side 
surface and a bottom surface in the carbon layer, 

ashing and removing the second photoresist by use of a gas containing carbon atoms and 
at least one of oxygen atoms, hydrogen atoms, and nitrogen atoms; 

depositing a metal interconnection layer in the second interconnection grooves to bury 
interconnections therein; 

forming a porous silicon oxide layer on the interlayer insulating layer to cover the 
interconnections and the carbon layer; and 

-heating the .cajbon-layer to remove the same frpm the interconnection grooves and 
provide a hollow around each of the interconnections, \ 

36. The semiconductor device manufacturing method according to claim 35, wherein at 
least one of said sequentially laminating an insulating layer and a first photoresist on a 

semiconductor substrate and said laminating a second photoresist on the insulating layer to cover 

> 

the carbon layer further includes forming an antireflection layer between the insulating layer and 
a corresponding one of the first and the second photoresist 

37. The semiconductor device manufacturing method according to claim 35, wherein an 
atomic percentage of carbon is not less than 1/3 of that of oxygen in a gas containing oxygen 
atoms and carbon atoms among the gas containing carbon atoms and at least one of oxygen 
atoms, hydrogen atoms, and nitrogen atoms. 

38. The semiconductor device manufacturing method according to claim 35, wherein a 
gas selected from the group consisting of a gas containing oxygen and carbon dioxide, a gas 
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